Background: The purpose of this study was to evaluate the necessity of early postoperative radiographs after pinning of supracondylar humerus fractures by determining both the percentage of patients who displayed change in fracture fixation and whether these changes affected their outcome. Methods: A series of 643 consecutive patients who underwent operative management of Gartland type II and III fractures at our institution between January 2002 and December 2010 were reviewed. Demographic data were obtained through chart review, including age, sex, extremity, fracture type, and mechanism. Intraoperative fluoroscopic images were compared with postoperative radiographs to identify changes in fracture alignment and pin placement. Results: A total of 643 patients (320 females, 323 males) with a mean age of 6.1 years (range, 1.1 to 16.0) were reviewed. Fiftyseven percent of fractures were classified as type II and 43% were type III. The overall complication rate was 8.8% (57/643). Pin backout or fracture translation was seen in 32 patients (4.9%) at the first postoperative visit. All of these patients sustained type III fractures. One of these patients required further operative management. Patients with changes in pin or fracture alignment did not demonstrate a statistically significant difference in time to first postoperative visit (P = 0.23), days to pin removal (P = 0.07), or average follow-up time (P = 0.10). Fracture severity did not correlate with change in alignment (P = 0.952). No postoperative neurological complications were observed in patients with alignment changes. Conclusions: Mild alignment changes and pin migration observed in postoperative radiographs after pinning of supracondylar humerus fractures have little effect on clinical management parameters or long-term sequelae. Radiographs can therefore be deferred until the time of pin removal provided adequate intraoperative stability was obtained. Level of Evidence: Level IV.
S upracondylar humerus fractures are common pediatric injuries. Over the course of several decades, percutaneous pinning has become a popular technique to stabilize displaced fractures. [1] [2] [3] [4] Several articles discuss the need for early postoperative clinical and radiographic follow-up [5] [6] [7] in order to prevent long-term complications seen from fracture malreduction (cubitus varus). The purpose of this study was to evaluate the necessity of early postoperative radiographs after pinning of supracondylar humerus fractures by determining both the percentage of patients who displayed change in fracture fixation and whether these changes affected their outcome.
MATERIALS AND METHODS
After Institutional Review Board approval was obtained, we retrospectively reviewed the records of 710 consecutive patients who underwent closed reduction and percutaneous pinning for Gartland type II and III supracondylar humerus fractures at our institution between April 2002 and December 2010. To be included in our analysis, patients must have returned for a postoperative visit within 2 weeks of surgery and have available radiographs taken at the first postoperative visit, the date of pin removal, and their final follow-up appointment. Patients without complete follow-up (59) were excluded. Fractures found to have an intra-articular component (8) were also excluded. A total of 643 patients were thus included for review.
Demographic data were obtained through chart review, including age, sex, extremity, fracture type, and mechanism. The presence of additional extremity fractures and preoperative nerve or vascular injury were noted. Intraoperative fluoroscopic images were compared with postoperative radiographs taken at 3 specific time points: the first postoperative visit, the date of pin removal, and the date of final follow-up. Radiographs were assessed for fracture displacement and pin migration. Patient records were also evaluated for the presence of other complications.
Operative fixation was performed by 11 different surgeons. Surgical technique was fairly consistent, with 90% of fractures treated percutaneously using only lateral-entry pins. Fractures in which cross pinning was performed tended to be earlier in the study period or when the surgeon noted intraoperative difficulty obtaining adequate stability using divergent lateral pins.
Determination of intraoperative fracture stability was made by the attending surgeon using both static images and live fluoroscopy. The fracture was considered "stable" if anatomic or near-anatomic configuration was obtained on intraoperative anteroposterior and lateral imaging and if the fracture remained stable during rangeof-motion testing under live fluoroscopy. All fractures were considered by the surgeon to be stable after fixation using these criteria. Patients were placed in a long-arm fiberglass cast postoperatively and were discharged within 24 hours provided they had no concomitant injuries.
Pin migration or backout was defined as any pin advancement or backout of >2 mm on the radiographs at the first postoperative visit as compared with the intraoperative radiographs. Changes in pin alignment and fracture configuration were assessed subjectively by the attending surgeon at the time of treatment and also by an attending or fellow during our review.
Univariate analysis was performed with SPSS statistical software. The Pearson w 2 test was used to determine the relationship between pin backout or alignment changes and fracture type, preoperative nerve injury, time to follow-up, and time to pin removal. The Student t test was used to determine differences relative to patient age and follow-up time between those with pin backout and those with maintenance of pin configuration.
RESULTS
Our final analysis included 643 displaced fractures in 643 patients (320 females, 323 males) with a mean age of 6.1 years (range, 1.3 to 16.0). A total of 367 fractures were classified as type II and 276 were type III. Extensiontype fractures represented 96% of all fractures (617 patients), whereas only 26 (4%) were flexion-type. The left extremity was injured in 58% of patients (373/643). Three fractures were grade I open fractures (0.4%). Forty-three patients (6.7%) presented with associated ipsilateral upper extremity fractures: 18 both-bone forearm, 17 distal radius, 4 isolated ulnar shaft, 2 radial shaft, 1 Monteggia fracture, and 1 Galeazzi fracture.
The overall complication rate was 8.7% (56/643). Pin backout or fracture translation was noted in 32 patients (4.9%). All 32 instances were observed in type III fractures. In 30/32 patients, changes in pin position were noted at radiographs taken at the first postoperative visit. None of these 30 patients required further operative management. Two of these 32 patients sustained a secondary trauma in the early postoperative period that caused significant fracture translation (1 motor vehicle accident and 1 fall from a trampoline). These patients were brought back to the operating room for repeat fixation. Other noted complications included postoperative nerve palsy (8), pin-site infection (6), and compartment syndrome (2) . No postoperative nerve palsies were observed in patients who went on to demonstrate changes in alignment or pin backout.
The average number of days from operative fixation to initial follow-up visit was 9.3 days (range, 2 to 14). Pins were removed in the office at an average of 27 days after fixation (range, 14 to 45 d). Time to final clinical followup (time at which final radiographs were performed) was 106 days, but considerable variability was seen in this time point (range, 22 to 844 d).
Patients with changes in pin or fracture alignment did not demonstrate a statistically significant difference in time to first postoperative visit (P = 0.23 ), days to pin removal (P = 0.07), or average follow-up time (P = 0.10). Fracture severity did not correlate with change in alignment (P = 0.9). Associated upper extremity trauma or open fractures were not statistically related to pin backout (P = 0.857 and 0.064, respectively).
DISCUSSION
Fractures of the supracondylar region of the humerus are common in the pediatric population. Displaced fractures have been increasingly treated with percutaneous pinning techniques, and rates of iatrogenic complications have subsequently decreased over time. 8 Postoperatively, these patients are followed both clinically and radiographically to determine healing, alignment, and neurovascular status as well as appropriate time for pin and cast removal. Serial radiographs are used to identify changes in fracture alignment and pin position. Our study sought to examine whether these observed radiographic changes provoked a change in clinical care or in final patient outcome.
Although several articles recommend radiographic follow-up within 1 week of fixation, 5-7 scant literature exists regarding the true necessity of radiographs in the early postoperative period. Ponce and colleagues retrospectively reviewed 104 supracondylar humerus fractures to evaluate the need for early follow-up in these patients. Comparing patients who had clinical exams and radiographs within 10 days of surgery to those who had delayed imaging, the authors found no increased rate of complications in those who had late radiographic follow-up. 9 Our series demonstrated a 4.9% rate of pin backout or change in fracture alignment. In all but 2 cases, the change in overall fracture alignment was <2 mm. None of these patients showed clinical evidence of postoperative neuropraxia or cubitus varus at final follow-up. All of the patients included in the study were considered by the surgeon to have stable fixation, and intraoperative fracture stability likely contributed to the lack of clinical correlation between pin migration and poor outcome. Also, all of our patients but 2 (who sustained an additional trauma) displayed only minor changes in fracture configuration ( < 2 mm) and pin migration (< 4 mm).
Nerve injury is commonly seen with displaced supracondylar humerus fractures, with rates in the literature ranging from 5% to 19% overall 10 and up to 52% with type III fractures. 11 Nerve injury can be seen both as a sequela of the initial injury and also as a complication of percutaneous pinning. In our series, the rate of preoperative nerve palsy was 6.2% (40/643), with anterior interosseous nerve deficiencies representing over 50% (22/40). Postoperative neurological deficits were seen in 8 patients (1.2%). Five of the 8 postoperative nerve palsies involved the ulnar nerve in patients who underwent a cross-pinning technique. These deficits were thought to be due to neuropraxia, and all resolved within the clinical follow-up period.
Pin-site infections are another identified complication of percutaneous pin fixation, with published rates from 2% to 7%. 12 In our series, pin-site infections were seen in 6 patients (0.9%). Five of these infections were superficial and resolved with a short course of oral antibiotics. One patient was found to have osteomyelitis accompanied by fevers and was treated with operative washout, pin removal, and a course of intravenous antibiotics.
Compartment syndrome was diagnosed in 2 patients in the early postoperative period. Both patients had type III fractures that required prolonged operative manipulation to achieve appropriate reduction and were treated with fasciotomies. Neither of these patients was observed to have neurological deficits or loss of fixation.
CONCLUSIONS
No clear guidelines exist regarding timing of postoperative radiographic follow-up. If stability of pin construct is confirmed at surgery, mild alignment changes and pin migration observed in postoperative radiographs after pinning of supracondylar humerus fractures have little effect on clinical management parameters or longterm sequelae. Deferring postoperative radiographs can be considered without significant risk of complication until the time of expected pin removal provided that adequate intraoperative radiographic stability was obtained.
